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1. Introduction
In RAN2 Ad-Hoc1801 meeting, simplification of CSI-RS measurement configuration for CSI reporting and beam management was discussed based on RAN1 L1 parameters, draft LS, and contributions as in [1~3]. During the discussion, RAN2 made the below agreement to use the common pool of CSI resources which could be reused for various configurations: 
Agreements
1	Define pools of NZP-CSI-RS-,  CSI-IM- and CSI-SSB-Resources on the top level (CSI-MeasConfig) with unique IDs so that they can be referred to widely and easily (e.g. from within sets, settings, TCI-RS-Sets (TCI-States)...)

In this contribution, we would like to discuss further simplification of CSI-MeasConfig which was discussed but not decided at the previous RAN2 Ad-hoc meeting.

2. Current CSI-MeasConfig Architecture
A detailed analysis on the current CSI-MeasConfig architecture can be found in [2]. The current CSI-MeasConfig has two distinct configuration architectures: 
· Association between CSI-ReportConfig and CSI-ResourceConfig using CSI-MeasId, and 
· Association between Trigger State and other configurations for aperiodic CSI-RS measurement. 

Therefore, there are two distinctive associations with different methods and parameters for CSI-RS measurement when aperiodic CSI reporting is configured (as described in [2]). In the next subsections, we investigate the above two different associations which are currently reflected on our TS 38.331 specification. 

2.1 Association between CSI-ReportConfig and CSI-ResourceConfig using CSI-MeasId
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Figure 1. Visualization of CSI-MeasId based CSI-RS signalling structure

In the above architecture, one CSI-ReportConfig and one CSI-ResourceConfig setting are linked with unique csi-measId using csi-MeasIdToAddModList. With addition of csi-measId, the same CSI-ReportConfig could be linked to various CSI-ResourceConfigs and vice versa. Each reporting configuration can be linked with a number of CSI-RS resources which is configured with three-level configuration architecture consisting of settings, sets, and resources. In order to configure CSI-RS resources for CSI and beam management, RAN1 agreed to have the following three level architectures: 
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Figure 2. Three level architecture of CSI-RS resource configuration

Using the above three-level architecture, each setting can have unique setting-common parameters and there could be at least one resource set in a setting which consists of one or more CSI-RS resources. 
With the previous agreement in Section 1, now the above resource-level configuration can be relocated on the top level of CSI-MeasConfig with unique IDs, and each CSI-Resource Set can have list of the unique CSI-RS resource Ids. Note that this modification does not change the current three-level CSI-Resource configuration architecture. 
Since the above three-level architecture is agreed more than one year ago in RAN1 and so far RAN1/RAN2 have progressed and essentially completed the works required for Rel-15/Phase I NR assuming this framework, we propose RAN2 to not discuss the modification of this three-level architecture for now due to the following reasons: 
· CSI-RS resource configurations for CSI and beam management are RAN1 responsibility 
· There is not enough time to rework all the RAN1 agreements and functionalities associated with this three-level architecture. 
· Such RRC-level reworking would also impact MAC CE design pertaining to CSI-ResourceSetting . 

Proposal 1. RAN2 do not modify on the current three-level CSI-RS resource configuration architecture consisting of CSI-ResourceConfig, CSI-ResourceSet, and CSI-Resource. 

2.2 Association between Trigger State and other Configurations
 for aperiodic CSI-RS measurement
In addition to the above CSI-RS resource configuration architecture, a list of trigger state (corresponding to reportTrigger) is introduced for dynamic selection of one or more aperiodic CSI-RS reporting configurations and/or triggering one or more aperiodic CSI-RS resource sets for channel and/or interference measurement (Max Sc=128) in [1] as bellows: 
Table 1  L1 parameters for aperiodic/ semi-persistent Report Triggering
	Parameter name in specification
	Parameter name in text
	Description

	aperiodicReportTrigger
	aperiodicReportTrigger
	Each trigger state is associated with one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s). If a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a bitmap (with the bitwidth Nbit =number of resource sets in a resource setting.  Number of one(s) in the bitmap None = 1 (FFS on 2) for CSI acquisition) is RRC configured per trigger state per resource setting to select CSI-IM/NZP CSI-RS resource set(s) from the resource setting. 

	Semi-persistent-on-PUSCHReportTrigger
	Semi-persistent-on-PUSCHReportTrigger
	Each trigger state is associated with one PUSCH-based semi-persistent CSI-ReportConfig 



From the above RAN1 parameters, we can visualize the aperiodic report trigger state using additional ‘four level’ hierarchical architecture as follows: 
1. Trigger state level  (reportTrigger in CSI-MeasConfig)
· Each trigger state is associated with up to 16 CSI-ReportConfigs.
2. ReportConfig level
· [bookmark: OLE_LINK1]Each CSI-ReportConfig in a trigger state is linked to up to 3 CSI resource settings.
3. Setting level 
· In each CSI-ResourceConfig (setting), A bitmap is configured to select the CSI resource set(s) to measure
4. Set level
· In each CSI-ResourceSet, a list of TCI-RS-SetId(s) are provided for QCL source and type for each CSI-Resource within a resource set 


[bookmark: OLE_LINK2]Figure 3. Framework for the aperiodic reportTrigger configuration 

Therefore, for aperiodic CSI reporting, we have additional configuration of associations consisting of the above hierarchical architecture. For semi-persistent CSI reporting, we have additional configuration of Triggering state which are associated with one PUSCH-based semi-persistent CSI-ReportConfig.
Observation 1. For aperiodic CSI reporting, NR UE may need to know the additional information of associated CSI-ReportConfigs per each trigger state, associated ResourceSets per each ResourceConfig, and associated QCL information of all the Resources per each ResourceSet. 
Observation 2. For semi-persistent CSI reporting, NR UE may need to know the additional information of associated one PUSCH-based semi-persistent CSI-ReportConfig per each trigger state.

The main difference from subsection 2.1 to subsection 2.2 is that even with the same resources and report configurations, UE can be configured for different aperiodic trigger states (using DCI) which indicates to measure different resource sets with different QCL information (different beam directions). 

3 Alternatives of CSI-MeasConfig architecture 
In this section, we would like to discuss the possible alternatives of CSI-MeasConfig and assess the merits and demerits in order for further simplification. 

Considering that the additional configuration for CSI resources are required only for aperiodic CSI reporting,  we can just use the current configuration architecture of 2.1 for the case of periodic and semi-persistent CSI reporting. Hence, we do not see the need of additional optimization in case of periodic and semi-persistent CSI reporting. 

Proposal 2. For periodic and semi-persistent CSI reporting, RAN2 do not see any need for simplification.

For the case of aperiodic CSI reporting, we need to make it sure the above two different association information is delivered to UE. Now we have CSI-measId(s) to indicate unique association between CSI-ReportConfig(s) and CSI-ResourceConfig(s), while we also have reportTrigger IE with direct bitmaps and TCI information associated with different CSI-RS sets and resources, respectively. 
As the first alternative, we would like to consider the current CSI-MeasConfig architecture in TS 38.331 which utilizes independent configuration fields of reportTrigger and CSI-MeasIdToAddModeList. 

Alt 1. Independent configurations
In this alternative, we consider the CSI-MeasConfig to have two independent configurations of associations as implemented in the current version of TS 38.331: 


Figure 4. Independent configurations of aperiodic reportTrigger and CSI-resources 
in the CSI-MeasConfig

With this alternative, UE performs aperiodic CSI measurement based on CSI-MeasId which indicates report configurations and resource configurations, while independent trigger state gives additional information of the selected CSI-Sets to measure, and additional beam information of each CSI resources to measure. Note that this alternative uses ResourceSet Ids, ResourceConfig Ids, and ReportConfig Ids to indicate unique ResourceSet, ResourceConfig, and ReportConfig. 
Since the CSI resource configuration is separated with the reportTrigger configuration, a common CSI resource configuration can be used for all the periodic/semi-persistent/ and aperiodic CSI measurement and reporting, while the UE checks additional information in the reportTrigger when the aperiodic CSI measurement is configured. 
Also note that this aperiodic CSI configuration is signaled via RRC, while the trigger state will be signaled via DCI. 

Alt 2. Merged CSI-Configuration architecture
Another alternative is to merge the associations to have single unified configuration architecture. Figure 5 shows the merged architecture which has all the components to be configured under the hierarchical architecture. 



Figure 3. Alternative 1 to inform all the combinations 

Although this architecture can configure all the possible combinations, there could be additional signaling overhead of configuring the same IEs and parameters of ReportConfig, MeasId, and ResourceConfig for different trigger states. Such signaling overhead becomes higher as as the # of trigger state increases. Note that this signaling overhead cannot be resolved unless the CSI-RS resource configuration is separated from trigger state configuration, as in the alternative 1. Even if we remove the CSI-MeasId for efficiency, this problem cannot be solved. 
Therefore, we propose that RAN2 keep the above alternative 1 as the CSI-MeasConfig architecture, which is already implemented in the current version of TS 38.331. 

Proposal 3. RAN2 prefers to have independent configuration fields of aperiodic reportTrigger and CSI-RS resource configurations just as that implemented in the current version of TS38.331. 

4 Conclusion
Based on the above, RAN2 is requested to discuss and if possible agree on the following observations and  proposals:
Observation 1. For aperiodic CSI reporting, NR UE may need to know the additional information of associated CSI-ReportConfigs per each trigger state, associated ResourceSets per each ResourceConfig, and associated QCL information of all the Resources per each ResourceSet. 
Observation 2. For semi-persistent CSI reporting, NR UE may need to know the additional information of associated one PUSCH-based semi-persistent CSI-ReportConfig per each trigger state.

Proposal 1. RAN2 do not modify on the current three-level CSI-RS resource configuration architecture consisting of CSI-ResourceConfig, CSI-ResourceSet, and CSI-Resource. 
Proposal 2. For periodic and semi-persistent CSI reporting, RAN2 do not see any need for simplification.
Proposal 3. RAN2 prefers to have independent configuration fields of aperiodic reportTrigger and CSI-RS resource configurations just as that implemented in the current version of TS38.331. 
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